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Abstract 



PROBLEM TO BE SOLVED: To provide an etching method of a semiconductor device wherein the 
^nm^w nf nror^^ is reduced and a contact hole and a via hole are fomied by a simple method. 
SOLUTION' A ^ i« to be formed in an LS-SOG film 15 is irradiated by focusing 

SOLUTION. A Pa';^,^"^^^®;;;! L.^/PQ^ ^r hor^^ihum inn Add then is thermaHy treated at a temperature of 

hydrofluoric add(H^ As a result, a contact hole is formed in a part whereon beam is cast in the LS- 
SOG film 15. 
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COMMENTS 



1 US 6.204,201 Bl (Ross) 

Ross discloses an electron beam dose in a broad range of "1 to 100.000 
,C/cm- at column 6. Hnes 14-21. Thus, the electron beam dose m a range of "1 to 
200 ,C/cm-' which will be recUed in claim 1 overlaps with the broad range disclosed in 

Ross. 

•..X. of Ross the Examples do not show the electron beam 
However, on review ol Koss, me i^x^my^^- 
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The present invention forms a film havmg Si-C-Si bond by combining a 
specific matenal of siloxane compound with a specific electron beam dose of "1 to 200 
^C/cm-. This electron beam dose range of "1 to 200 ^C/cm^ in the present invention 
. ver>' specific range from the broad range of "1 to 100.000 .C/cm^- disclosed in Ross. 

U is therefore not believed that the disclosure of Ross renders the claimed 
invention obvious. 

0 JP.A-9-246232A 

This JP reference d.seloses irradia.mg LS-SOO (Ladder Silicon 
Spi„.On-C,la.s) film with FIB (Focused Ion Beam) or F.B (Eieclron Beam). Irradiation 
d„se ,s nor expressed ,n .he uni, -.a.^'. However. Paragraph 00,9 conrams .he 
explanauon ,n ,he ease of ns,n. an organos.lanol having merhyl group as a dielec.r.c 
mm and discloses ,ha, ,f irradiarmg »i.h FIB or EB. a bond berxveen silicon and methyl 
group eu,s, and me.hyl group convens ,n.o molecule of gas. From .his disclosure, i, is 

. ■ ^ t>.;c IP rpfcrence differs from the irradiation dose 

understood that the irradialion dose m this Jl rclercncL 



,ca. and docs not micnd lo obuun a tilni hax u>y aiclca, k o .iv.a. 
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Paragraph 0013 

[Means for Solving the Problem] 

• .ihod of the semiconductor device accordmg to the 
The etching processmg method ol the scm 

• . bv irradiating a dielectric film with focused ion beam 
..rpsent invention is characterized by irradiating o 

present invem conducting a wet etching with an 

u cPR^ heat-treating and then conaucuug, « 
(FIB) or electron beam (EB), heat ireaii g 

etching solution. 

Paragraph 0014 semiconductor device 

Further, m the etching processing method of 

. the focused ion beam is conducted at a dose of 

according to the present invention, the focused 

3.4x10'^ to 1.3xlO"/cm-^ when beryllium is used, 
least one methyl group. 

^^^^^ ^^^^ 3h0WS 

Furthermore, in the case that the dielectr 

u • .1 formula 1 the heat treatment is 
its molecular formula in the following chemical formula 1. 

US molccu.a ^^^^ exposure 

preferably conducted by heating at a temperature ot JK, 4. 

ofthcLS-SOGfilm. 
Paragraph 0017 

Fomuila 1 

CH3 CH3 -| 



CH3 CH3 

(( 
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Paragraph 0018 

,„ case ,hat ,he hea, ,rca™c„, is ,o hca, .o a a-mperaiurc of 200 ,0 450"C. 
,he etching s„,u„c„ .he we, e.ch.ng after .he hea, ,rea,™en, ,s preferabl, bufTered 
fluoric acid or fluoric acid. 
Paragraph 0019 

,„ ,he presen, .nven.ion, ,he dieiecnc film on .he ponion which should fon. 
con.ac, holes o, via holes ,s i.ad,a,=d wi.h FlB o, F,B. and ions or h,ans are injec.ed ,n 
.his irrad,a,ed por,ion. followed h, hea, .rca.men.^ As a resuU. .he irrad.a.ed ponion 

,, „.Ui„„ rale .o BHF solulion: 200-1100 nn./m,n), 

has high elching rare Moi = 

and ,he irrad.a.ed po.,on ,s no. snhs,an.,al,y e.ched (for example, e.ch.ng ra.e .0 
,o,„,icn- 0 nm/nnn)^ Thus, .he .rradia.ed ponion has high e.ch.ng selecv,,,. and hy 
.onaucing .he we. e.ch.ng .hereafter, ,he irradia.ed po.ion can he renroved. Thus, 
.o„,ac, holes or v,a holes are e,ching processed. >n ,he nrchod of .he pr.sen, 
,„ven„on, ,he dieleCnc f.ln, can be fornred by single Tomra.ion s,ep, and each s,ep of 
.s,s, app„ca.io„, l,.hography and res.s, renroval is no. re.u.red. Funher, since e.ch,ng 
pr„cess,ng ,s subjec.ed ,o ,he dielec.ric filn, by we. e.ch.ng, processing cos. ,s low and 
also, since beann proeess.ng .=chni,ue ,s used, ftne processing is easy, .hereby 
performing fine integration. 
Paragraph 0020 

,„ „an,p,c. ,f an or,a„os,lan„, .ypc havurg a. leas, one .ne.hyl group .s used 
„e d,elec.„c liln, and ,h,s d.clccnc fil,n ,s ,rrad,a,ed w,.h F„, or UB, .he 



i Aim . 

lS-S(Ki (l adder SiliouK-Spm Un Cla^^) i> piuua , 



r„„ r,o„, ,hc s,andpoin, of .ood s.abiU.y a, ordina.^ ,empera,ur=. 
,„„.e,cHi„.«.wase.a™„edw.en.He.S-SO0n>.wasuseda..Hed,.e.„c«,. 

Id.,, a. a .e.p.a..e of .0 ,o .00., .a. ^ . a .ap. s„ e 

,o.,.ec.ed..aU—«^^^^^^^^^^^^^ 

Pin A where FIB is not irradiated (dose. U), tne 
rate to BHF. As is apparent from Fig- 4. where n« 

, . ... .... havin. been irradiated with beam has 

etching arte to BHF is Unm/min,wuc.... - 

p Hher where the heat treatment temperature is 150 C, 
extremely high etching rate. Further, where 

mere ib Where the heat treatment 

J wv,^. rn<se was 0 nm/mm. Where me 
was not irradiated, and either case was u 

■ • not been irradiated with FIB also changes into 

temperature is 500°C, the portion having not been irradi 

. UP , 1- .n However where the heat treatment temperature is 200 to 
Si02 soluble m HF solution. Howe^er, 

• h Pm hnnas about great difference in etching rate as compared 
400°C irradiation with FIB brings abom gr , . ^, 

■ u pm For this reason, where the dielectric film is 
with the case of non-irradiation with FIB. For this 

LS-SOG film, the heat treatment temperature is 200 to 450°C. 

™:l.w.enFlBofber.niumatomisi.^^^^^^^ 

, , , S SOG to SiC)^ bv irradiation with FIB does not 
^,4x10'^ cm-l change ot Irom LS-SOC, to . . 

■ , .u.r. 1 -^xlO'^ cm-. berN'Uium ions contact with tht 

proceed. Further, if it is larger than 1 .3x10 cm , , , • 

con-ac. ro. ,n .e ca. . .coU.un, ,on. .e do. . 
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„,c .H. sn,c„n .0. ,so... .e*, .o.p of o..„os„a„o, .,pe ,s 
case of beryllium atom. 



